Amyloid has been the subject of several extensive studies over many years. Electron microscope studies have revealed that amyloid has a fine fibrillar structure (Cohen and Calkins, 1959) . A recent analysis of isolated fibrils (Cohen, 1966) has shown that amyloid contains only a small amount of uronic-acid-containing material whereas a chemical analysis of whole tissues reveals that there are increased amounts ofsulphated mucopolysaccharides in amyloid-bearing organs (Bitter and Muir, 1966 (Bums, Pennock, and Stoward, 1967).
Amyloid has been the subject of several extensive studies over many years. Electron microscope studies have revealed that amyloid has a fine fibrillar structure (Cohen and Calkins, 1959) . A recent analysis of isolated fibrils (Cohen, 1966) has shown that amyloid contains only a small amount of uronic-acid-containing material whereas a chemical analysis of whole tissues reveals that there are increased amounts ofsulphated mucopolysaccharides in amyloid-bearing organs (Bitter and Muir, 1966) . Braunstein and Beurger (1959) in their histochemical studies suggested that carboxylated polysaccharides are present rather than sulphated polysaccharides, while Clausen and Christensen (1964) have isolated hyaluronic acid from cardiac amyloid. Whether acid mucopolysaccharides are an integral part of the amyloid fibril or merely reflect alterations in the ground substance surrounding the fibrils remains unresolved.
Because of the recent introduction of improved histochemical techniques for the demonstration and differentiation of acid mucosubstances in tissue sections, it was considered worthwhile to investigate again the histochemistry of amyloid tissues.
METHODS
Formalin-fixed, deparaffinized sections of liver and spleen from six cases of secondary amyloidosis were subjected to the following histochemical procedures: 1% Alcian blue 8GXpH 2 5 (Mowry, 1960) ; 1% Alcian blue 8GX pH 1 0 (Lev and Spicer, 1964) blue 8GX pH 5-7 with added magnesium chloride 0 3, 07, or 10 M (Scott, Dorling, and Quintarelli, 1964) ; Alcian blue (pH 2-5)-oeriodic-acid-Schiff reaction (Mowry and Winkler, 1956) ; aldehyde fuchsin (Spicer and Meyer, 960) ; high iron diamine (Spicer, 1965) ; thioflavine T (pH 3 6) (Vasser and Culling, 1959) ; thioflavine T (pH 10) (Bums, Pennock, and Stoward, 1967) .
Some of these histochemical techniques were also applied to sections which had been pre-treated by one of the following methods: pepsin digestion (Quintarelli et al, 1964) ; hyaluronidase digestion (Leppi and Stoward, 1965) ; sialidase digestion (Spicer and Warren, 1960 ); methylation and methylation followed by saponification (Spicer, 1960) .
Appropriate control tissues were used throughout. The sections were examined microscopically and the intensity of the staining reactions was scored by one of us (G.M.) without prior knowledge of which seotions had been predigested, etc, before staining.
RESULTS
Amyloid deposits in different tissues showed slight variation in staining intensity when subjected to the same staining procedure. However, the results shown in Table I represent overall results and a general pattern which is true for all deposits examined. We found variation in staining and experienced difficulty in interpreting the results when sections were stained with Azur A, Toluidine blue, or by the periodic-acid-Schiff technique and excluded these methods from further study.
In the sections which had not been subjected to any special treatment other than the histochemical staining reactions themselves, the amyloid deposits were only clearly visible by the thioflavine T, Alcian blue (pH 1 0) or Alcian blue with magnesium chloride reactions. The intensity of staining was increased when sections were predigested with pepsin. This was also true of the aldehyde fuchsin, Alcian blue(pH 2-5), and high iron diamine reactions.
Alcianophilia was abolished at pH 2 5 and reduced at pH 1-0 or in the presence of magnesium chloride, when sections were treated with testicular hyaluronidase. Sections of liver from one case of amyloidosis failed to show this phenomenon.
All staining reactions were abolished in sections which had previously been methylated at 37°C for four hours (with the exception of thioflavine T when the reaction was only reduced after prolonged methylation). Sections saponified after methylation exhibited a weak positive staining with Alcian blue at pH 2-5 and in 0 3 M magnesium chloride.
DISCUSSION
Our results following pepsin digestion are in agreement with those of Windrum and Kramer (1957) in a study of metachromasia from which they concluded that protein present in amyloid blocked anionicbinding sites. With the exception of thioflavine T and Alcian blue (pH 1 0) the staining of amyloid deposits was very weak. However, when sections were digested with pepsin the intensity of staining was greatly increased. This was also true of those histochemical reactions which are generally accepted to be specific for sulphated mucosubstances, ie, aldehyde fuchsin, Alcian blue (pH 1.0), and high iron diamine.
Alcian blue interacts with both carboxylated and sulphated structures (Quintarelli et al, 1964a) . Alcianophilia of amyloid deposits at pH 1-0 can only be accounted for by the presence of sulphated mucosubstances since glucuronic or sialic carboxyl groups are fully associated at this pH. Similarly, the alcianophilia found in the presence of 0 7 M magnesium chloride indicates the presence, of sulphated material since polycarboxylates are not thought to bind alcian blue above 0 3 M concentration of magnesium chloride (Scott and Dorling, 1965) .
Methylation irreversibly esterifies sulphate groups whereas the reaction can be reversed by saponification in the case of carboxyl groups. The staining of methylatedsections was not reactivated by saponification except those stained with Alcian blue at pH 2 5. These results suggest that sulphated mucosubstances are responsible for staining at low pH, whereas the return of staining at pH 2-5 after saponification suggests that carboxyl groups are also present. The approximatepK of glucuronic carboxyls is 3s 1 to 3 3, whereas the pK of sialic acid is approximately 2-3 (Quintarelli et al, 1964b) , thus Alcian blue staining at pH 2-5 may be due to the latter.
The increase in dye uptake seen after pepsin digestion enabled us to examine the combined Alcian blue-PAS reaction of Mowry and Winkler (1965) for the simultaneous demonstrations of acidic substances and 1, 2 glycols in tissue sections. Amyloid deposits were coloured a moderately deep bluish purple which was reduced to a pink colour after sialidase digestion. These results also indicate the presence of sialic acid in amyloid material.
Digestion with testicular hyaluronidase, which will remove hyaluronic acid and chondroitin sulphates A and C, reduced the intensity of alcianophilia at pH 1 0 while preventing the uptake of dye at pH 2 5, thus suggesting that some chondroitin sulphate A or C is removed and residual staining at low pH is due to chondroitin sulphate B or heparan sulphate. The intensity of the remaining alcianophilia at pH 1-0 suggests that one of the latter substances is the major component in amyloid deposits.
The loss of alcianophilia at pH 2 5 is unlikely to be due to removal of hyaluronic acid for the reason given in the discussion on the results of methylation. Furthermore, alcianophilia is reduced in the presence of 0-7 M magnesium chloride.
The weak alcianophilia of amyloid deposits at pH 2-5 has been observed by Braunstein and Buerger (1959) and Mowry and Scott (1967) . The latter suggest that at this pH basophilia is affected by the presence of protein which blocks anionic binding sites. The increased basophilia at pH 1 0 or in the presence of 0 3 M Mg Cl at pH 5-7 is thought to be due to high electrolyte concentration in both cases splitting the complex and increasing the availability of anionic binding sites. When we treat sections with pepsin before hyaluronidase digestion the sections exhibit alcianophilia at pH 1 0, 2-5, and 5-7 which is only slightly reduced when compared with a pepsin-digested control. The degree of loss in staining intensity is the same, regardless of pH, further supporting our view that hyaluronic acid is not involved in amyloid deposits whereas chondroitin sulphate A or C, although not the major component, is present.
Results with thioflavine T are less sharply defined than those with Alcian blue but they follow the same pattern. Burns et al (1967) Increased heparan sulphate content has been found in amyloid tissues by Meyer et al (1956) , by Okuyama and Turumi (1963) , and by Bitter and Muir (1966) . Dr G. Manley kindly examined two of the livers used in this study and found approximately a ten-fold increase in sialic acid content and two to three-fold increase in uronic acid content. During experiments currently in progress, heparan sulphate and chondroitin sulphates have been isolated from the tissues used in this study, the former in considerably increased amounts compared with normal control tissues, thus supporting our histochemical findings (Pennock, 1968) .
These results conflict with those of Clausen and Christensen (1964) who isolatedhyaluronic acid from cardiac amyloid which may differ from other amyloids in composition (Benditt and Eriksen, 1966) . Analysis of fibrils isolated from the same tissues shows a low but constant content of uronic and sialic acids (Pennock, 1968) , the results being in close agreement with those of Cohen (1966) . Furthermore, fibrils from one of our cases have been examined by Nichols and Clamp (1967) whoobtainedanalytical data also in close agreement with that of Cohen (1966) . They found two protein components, one rich in neutral hexose whereas the other contained sialic acid. Thus our histochemical results agree with the chemical analysis of the same tissues; indeed the liver in this study, which showed no reduction in alcianophilia when treated with hyaluronidase, was subsequently found to contain twice as much heparan sulphate as the other amyloid livers examined. We believe that the results reported here support the view that acid mucopolysaccharides are intimately involved in the formation of amyloid deposits and are worthy of more extensive study if we are to understand fully the pathogenesis of this curious disease.
